INTRODUCTION {#sec1-1}
============

Depression has become a wide spread mental disorder worldwide. According to global depression statistics, it is estimated that about 121 million people suffer from mental disorders. Currently, 12.3% of world population suffer from depression, and it is predicted that by 2020, the number may rise to 15%.\[[@ref1]\] Ravindran and da Silva\[[@ref2]\] have reported that about 7% of the Indian population suffers from mood and anxiety disorders.

A constant state of depression results from continuous stress or central nervous system (CNS) neurochemical imbalance.\[[@ref3]\] Oxidative stress (OS) is considered to be a major factor in the causation of anxiety and depression, and these CNS disorders appear to result from the imbalance in oxidation-reduction reactions (redox-state). It is characterized by the reduced ability of the antioxidant defense mechanism of the CNS to efficiently remove the excess of oxygen-derived free radicals, which are known to produce detrimental effects in the CNS. A growing body of evidence suggests that OS causes imbalance between the production of oxygen-derived free radicals and the antioxidant ability of neuronal cells and tissues, consequently contributing to the neuropathology and psychiatric diseases, including mild and major depression.\[[@ref4]\]

The antipsychotic drugs available for treating depression include tricyclic antidepressants, selective monoamine oxidase inhibitors, selective serotonin reuptake inhibitors (SSRI), and specific serotonin-noradrenaline reuptake inhibitors. Although most of these medications are safe and efficacious, yet in some patients, prolonged usage may cause a variety of minor side effects such as dry mouth, mydriasis, constipation, sleepiness, fatigue, restlessness, and headaches.\[[@ref5]\] In some patients, prolonged therapy with fluoxetine may induce serious side effects, such as suicidal tendencies. Thus, the alternative therapies are needed which could be efficacious but produce lesser side effects.

Fluoxetine (prozac, sarafem) belongs to the SSRI class of antipsychotic drugs. It is recommended for the treatment of major depressive disorders in both children and adults, bulimia nervosa, and panic disorder as well as premenstrual dysphoric disorder. In adult humans, an initial oral daily dose of fluoxetine is 20 mg, and in some patients, maximum daily dose may be escalated to 80 mg after several weeks if sufficient clinical improvement does not occur.

The new approach for the treatment of depression with plant-derived remedies may prove to more economical in developing countries. Many plant products are used for the treatment of depression, like *Hypericum perforatum* Linn., *Areca catechu* Linn., *Bacopa monnieri*, *Centella asiatica*, *Ginkgo biloba*, etc.\[[@ref6]\] Some herbal drugs as well as nutraceuticals containing flavonoids and polyphenolic compounds have proven to be similar in efficacy to that of synthetic antidepressants. The most common example is St. John Wort (*H. perforatum*) that is used for treating minor and mild depression. A limited number of clinical trials have shown that St. John Wort has antidepressant activity similar to SSRI drugs like fluoxetine and paroxetine.\[[@ref7]\] However, St. John\'s Wort is a well-known inducer of drug metabolizing enzymes (cytochrome P-450) and drug transporters (P-glycoprotein) in the gastrointestinal tract and modifies the disposition and pharmacokinetics of orally administered drugs.\[[@ref8][@ref9]\]

The present studies were designed to assess the antidepressant activity of *Moringa oleifera* (MO) in the mouse model. MO is commonly known as drumstick and belongs to the family Moringacae. In India, it is used as food and for medicinal purposes. It is widely grown in different parts of the world. MO possesses antioxidant, antidiabetic, antibacterial, antifungal, anti-inflammatory, antiulcer, and cholesterol lowering properties. Chemical analyses show that MO contains Vitamins A, B, C, flavonoids, oleic, palmitic and stearic acid, saponins, glycoside, gum, protein, calcium, magnesium, potassium, and iron.\[[@ref10][@ref11]\] The leaves have shown to possess strong antioxidant and anti-inflammatory properties, and thus could be used in the treatment of depression caused by OS or inflammation.\[[@ref11]\]

This investigation was done in mice dosed with ethanolic extract of MO (MOE) either alone or in combination with fluoxetine in various experiments of depression, and MO-induced effects were compared with reference antidepressant drug, fluoxetine.

MATERIALS AND METHODS {#sec1-2}
=====================

Preparation of plant extract {#sec2-1}
----------------------------

Leaves of MO were purchased from a local market in Mumbai. They were identified and authenticated by the Department of Life Sciences, Ramanarain Ruia College, Mumbai. The voucher specimen was deposited at their herbarium. The dried leaves were powdered, and their different physicochemical parameters such as extractive values, ash values, foreign organic matter, and loss on drying were recorded. Detailed macroscopic and microscopic studies were conducted by standard procedures according to the Indian Pharmacopoeia 2010. Following crude characterization, the leaves were defatted using petroleum ether. The defatted leaves were then placed for extraction by heating at 65--70°C and refluxed with 95% ethanol for 6--12 h. The mixture was filtered by suction filtration, and the filtrate was concentrated by rotary evaporator. The yield of extraction was about 12% (w/w).

Animal husbandry of experimental animals {#sec2-2}
----------------------------------------

All studies were conducted after obtaining prior approval from the institutional animal ethical committee (Approval no: CPCSEA/SPTM/P-09/2012). Swiss albino mice of either sex (25--30 g) were used in all experiments. Mice were purchased from Bharat serums and vaccines limited, Thane, Maharashtra. Animals were housed and maintained in the Animal House of School of Pharmacy and Technology, NMIMS (temperature 25°C ± 2°C; relative humidity 75% ±5%). During the experiments, animals were provided with standard feed and drinking water *ad libitum* in polycarbonate feeder bottles with a stainless steel nipple.

Acute toxicity study {#sec2-3}
--------------------

The dose-finding acute toxicity study of ethanolic MOE was carried out in mice using the OECD Guidelines 423.\[[@ref8]\] Mice were randomly divided into different treatment groups with three animals in each group. The extract was orally administered at a dose of 2000 mg/kg/day and distilled water as vehicle. A 2% w/v solution of the extract was prepared in distilled water with 1% w/v sodium carboxymethyl cellulose. The prepared MO formulation was administered orally by gavage in a dosing volume of 1 ml. The control group received distilled water in a dosing volume of 1 ml. Following the administration of once daily single dose of MO, the overt general behavior of mice was continuously monitored for 1 h after dosing, and then periodically during the first 24 h with special attention given during the first 4 h, and daily thereafter, for a total of 14 days. Changes in normal activity of mice and their body weights were monitored and the time at which signs of toxicity or death appeared was recorded.

Drugs and preparations {#sec2-4}
----------------------

Fluoxetine was used as a standard drug while MO ethanolic extract was used as a test agent. A 2% w/v solution of the standard drug fluoxetine as well as the ethanolic MOE was prepared by dissolving them in 1.0% w/v sodium carboxymethyl cellulose just before administration. These solutions were administered orally by gavage in a dosing volume not exceeding 1 ml in both cases.

Treatment plan for acute dosing {#sec2-5}
-------------------------------

The groups assigned for acute dose study were as follows:

Group 1: Control group (distilled water)

Group 2: Fluoxetine alone (20 mg/kg)

Group 3: MOE-1 (100 mg/kg)

Group 4: MOE-2 (200 mg/kg)

Group 5: MOE-1 (100 mg/kg) + fluoxetine (10 mg/kg)

Group 6: MOE-2 (200 mg/kg) + fluoxetine (10 mg/kg)

In the acute treatment study, a single dose was administered 30 min prior to testing. For the chronic treatment study, a single dose was administered daily for 14 days. In groups receiving the combination of standard drug and extract, the respective doses were administered concomitantly. In the chronic dose study, the behaviors of all groups were assessed for antidepressant activity 30 min after the last treatment dose on the 14^th^ day. Different standardized depression models were used for behavioral tests to evaluate the antidepressant activity, such as forced swim test (FST), tail suspension test (TST), and locomotor activity test.

Forced swim test {#sec2-6}
----------------

FST was carried out according to the method described by Porsolt *et al*.\[[@ref12]\]

Tail suspension test {#sec2-7}
--------------------

TST was carried out according to the method described by Porsolt *et al*. with slight modifications.\[[@ref12][@ref13]\]

Locomotor activity test {#sec2-8}
-----------------------

LAT was performed to assess CNS inhibitory or stimulatory activity of the extract.\[[@ref14]\]

Statistical analysis {#sec2-9}
--------------------

The differences between experimental and control groups were determined using the Graph Pad INSTAT 3.0 (Graphpad Software Inc.) software for windows. Comparisons among different groups were performed by analysis of variance test. Statistically significant differences between control and experimental groups were assessed by Student\'s *t*-test. All data are expressed as mean ± standard error of mean. *P* \< 0.05 was considered to be significant.

RESULTS {#sec1-3}
=======

In acute toxicity studies, 2000 mg/kg dose of MO did not cause any mortality, or overt clinical signs of toxicity observed over 14 days period. Thus, 2000 mg/kg dose was considered as a safe dose of MOE in mice.

Acute study {#sec2-10}
-----------

### Forced swim test {#sec3-1}

The results indicated that after 30 min MOE administration, there was no significant decrease in the immobility time, but both fluoxetine and test substance treated animals showed slight reductions in immobility time compared to the vehicle controls \[[Figure 1](#F1){ref-type="fig"}\].

![Effect of *Moringa oleifera* extract on duration of immobility forced swim test. Gr 1: Normal Control, Gr 2: Standard Fluoxetine (20 mg/kg), Gr 3: MOE-1 (100 mg/kg), Gr 4: MOE-2 (200 mg/kg), Gr 5: MOE-1 (100 mg/kg) + fluoxetine (10 mg/kg), Gr 6: MOE-2 (200 mg/kg) + fluoxetine (10 mg/kg). Results are represented as mean ± standard error of mean significantly different at \**P* \< 0.05 and \*\**P* \< 0.01 compared to vehicle control](JAIM-6-273-g001){#F1}

### Tail suspension test {#sec3-2}

No decrease in the immobility time was observed after administering 100 mg/kg MOE, whereas the immobility time was markedly shortened (180 ± 13.3 min vs. 277 ± 2.5 min, *P* \< 0.05) in 200 mg/kg MOE treated animals. Significant reductions in the immobility time, ranging from 35% to 46% (*P* \< 0.05) were also noted in Groups 2 and 6 in comparison with the vehicle control \[[Figure 2](#F2){ref-type="fig"}\].

![Effect of *Moringa oleifera* extract on duration of immobility in tail suspension test. Gr 1: Normal Control, Gr 2: Standard Fluoxetine (20 mg/kg), Gr 3: MOE-1 (100 mg/kg), Gr 4: MOE-2 (200 mg/kg), Gr 5: MOE-1 (100 mg/kg) + fluoxetine (10 mg/kg), Gr 6: MOE-2 (200 mg/kg) + fluoxetine (10 mg/kg). Results are represented as mean ± standard error of mean significantly different at \**P* \< 0.05 and \*\**P* \< 0.01 compared to vehicle control](JAIM-6-273-g002){#F2}

### Locomotor activity test {#sec3-3}

In order to assess the antidepressant activity of the extract, the locomotor activity of mice was recorded using actophotometer.

Locomotor activity of treated and untreated mice was assessed from their locomotor behavior, and the results obtained were compared with the vehicle controls. Statistically significant increase in locomotor activities (ranging from 28% to 30%, *P* \< 0.05) was found in animals dosed with 200 mg/kg MOE, fluoxetine alone (20 mg/kg), and those administered combination of 200 mg/kg MOE + 10 mg/kg fluoxetine \[[Figure 3](#F3){ref-type="fig"}\].

![Effect of *Moringa oleifera* extract on run score in locomotor activity. Gr 1: Normal Control, Gr 2: Standard Fluoxetine (20 mg/kg), Gr 3: MOE-1 (100 mg/kg), Gr 4: MOE-2 (200 mg/kg), Gr 5: MOE-1 (100 mg/kg) + fluoxetine (10 mg/kg), Gr 6: MOE-2 (200 mg/kg) + fluoxetine (10 mg/kg). Results are represented as mean ± standard error of mean significantly different at \**P* \< 0.05 and \*\**P* \< 0.01 compared to vehicle control](JAIM-6-273-g003){#F3}

Chronic study findings {#sec2-11}
----------------------

### Forced swim test {#sec3-4}

In the subacute/chronic investigation, the animals were treated either with MOE alone or in combination with fluoxetine for 14 consecutive days. Results summarized in [Figure 4](#F4){ref-type="fig"} show that oral administration of ethanolic MOE at both dose levels and in combinations with fluoxetine caused reductions in FST immobility time in mice. Standard fluoxetine dose of 20 mg/kg displayed a significant decrease in the immobility time. The group treated with the combination of 200 mg/kg MOE + 10 mg/kg fluoxetine dose exhibited a 30% decrease in the immobility time compared to the vehicle control.

![Effect of chronic administration of *Moringa oleifera* extract on duration of immobility in forced swim test. Gr 1: Normal Control, Gr 2: Standard Fluoxetine (20 mg/kg), Gr 3: MOE-1 (100 mg/kg), Gr 4: MOE-2 (200 mg/kg), Gr 5: MOE-1 (100 mg/kg) + fluoxetine (10 mg/kg), Gr 6: MOE-2 (200 mg/kg) + fluoxetine (10 mg/kg). Results are represented as mean ± standard error of mean significantly different at \**P* \< 0.05 and \*\**P* \< 0.01 compared to vehicle control](JAIM-6-273-g004){#F4}

### Tail suspension test {#sec3-5}

Results of the 14 days chronic study revealed that there was an inverse relationship between the dose of the extract and the immobility time, that is, an increase in the MOE dose produced a corresponding reduction in the immobility time in comparison with the control group \[[Figure 5](#F5){ref-type="fig"}\]. In addition, repeated administration of standard fluoxetine (20 mg/kg/day) showed a profound decrease (100 ± 6.6 min vs. 255 ± 7.6 min, *P* \< 0.01) in the mean immobility period. Similarly, the average immobility time in mice treated with the MOE either alone (200 mg/kg/day) or the combined administration of MOE (200 mg/kg/day) and fluoxetine (10 mg/kg/day) was significantly shortened (*P* \< 0.001) as opposed to vehicle control. The respective groups (Groups 4 and 6) showed approximately 41% and 57% decrease in the immobility period compared to the control.

![Effect of chronic administration of *Moringa oleifera* extract on duration of immobility in tail suspension test. Gr 1: Normal Control, Gr 2: Standard Fluoxetine (20 mg/kg), Gr 3: MOE-1 (100 mg/kg), Gr 4: MOE-2 (200 mg/kg), Gr 5: MOE-1 (100 mg/kg) + fluoxetine (10 mg/kg), Gr 6: MOE-2 (200 mg/kg) + fluoxetine (10 mg/kg). Results are represented as mean ± standard error of mean significantly different at \**P* \< 0.05 and \*\**P* \< 0.01 compared to vehicle control](JAIM-6-273-g005){#F5}

Overall, 14 days repeated administration of MOE showed a significant decrease in the immobility activity in both FST and TST animal models. The combination dosing of MOE (200 mg/kg/day) and fluoxetine (10 mg/mg/day) resulted in producing more profound (*P* \< 0.01) actions leading to approximately 57% reduction in the immobility time compared to the vehicle control. It appears that in both FST and TST mouse models, the combined administration of MOE and fluoxetine had produced an additive effect on these parameters, but the underlying mechanism of action remains unknown.

### Locomotor activity test {#sec3-6}

Repeated administration of the MOE resulted in enhanced locomotor activity in mice. More prominent effects were seen in groups treated with the combination of MOE at the dose of 200 mg/kg/day and fluoxetine (10 mg/kg/day). As mentioned earlier, these treatment groups exhibited nearly 37% and 41% increase in the locomotor activity compared to the vehicle control. Results are summarized in [Figure 6](#F6){ref-type="fig"}.

![Effect of chronic administration of *Moringa oleifera* extract on the run score in locomotor activity. Gr 1: Normal Control, Gr 2: Standard Fluoxetine (20 mg/kg), Gr 3: MOE-1 (100 mg/kg), Gr 4: MOE-2 (200 mg/kg), Gr 5: MOE-1 (100 mg/kg) + fluoxetine (10 mg/kg), Gr 6: MOE-2 (200 mg/kg) + fluoxetine (10 mg/kg). Results are represented as mean ± standard error of mean significantly different at \**P* \< 0.05 and \*\**P* \< 0.01 compared to vehicle control](JAIM-6-273-g006){#F6}

DISCUSSION {#sec1-4}
==========

The present study was designed to investigate the antidepressant activity of ethanolic MOE in mice using well-tried-out and standardized behavioral tests of depression. MO is often used as antidiabetic, anti-inflammatory, antimicrobial, and antiulcer remedy.\[[@ref15]\] However, its neuropharmacological activity invoking antidepressant-like action is unknown. It is reported that MO has a strong antioxidant and anti-inflammatory activity,\[[@ref16]\] thereby suggesting that it could be useful in treating depression caused by OS or inflammation-induced due the neurochemical imbalance in the brain.\[[@ref17]\] The antidepressant potential of MOE was assessed in mice exposed to FST, TST, and locomotor activity. The study was divided into two parts, namely acute dose study and subacute or chronic dose study when the animals were repeatedly dosed orally for 14 consecutive days. The purpose was to know the toxicological effects, if any, and antidepressant effects of MO when given as a single dose and when administered in repeated dosing. Combination effects of MO were also assessed with standard antidepressant drug fluoxetine. The rationale of evaluating the combined dosing is, whether or not the antidepressant dose of fluoxetine may be reduced to circumvent its minor and major side effects experienced by patients.

MO contains many constituents such as flavonoids and phenols, which are vital antioxidants.\[[@ref18]\] The polyphenolic compounds are purported to exert neuroprotective and anti-inflammatory effects in the CNS.\[[@ref19]\] The significant reduction in the immobility time observed in the FST following the acute \[[Figure 1](#F1){ref-type="fig"}\] and chronic \[[Figure 4](#F4){ref-type="fig"}\] co-administration of 10 mg/kg fluoxetine + 200 mg/kg MOE suggests the additive interaction of fluoxetine with MOE, and consequently enhancing the antidepressant action of MOE. The potential additive interaction may be through the noradreno-serotonergic pathway as is known for SSRI class of drugs.\[[@ref20]\]

There was a significant reduction in the immobility time in the TST groups administered 200 mg/kg/day MOE alone and its combination with 10 mg fluoxetine for 14 days \[[Figure 5](#F5){ref-type="fig"}\]. The combination produced a more pronounced effect than MOE alone, thereby suggesting an additive interaction between these agents.

This phenomenon also suggested the involvement of noradrenergic and serotonergic pathways in the induction of antidepressant activity.\[[@ref20]\]

In order to assess the occurrence of false positive results exhibited in the TST and FST due to CNS stimulant action of MOE, mice were subjected to open field tests.\[[@ref21]\] A significant increase in the locomotor activity was noticed in MOE treated animals as compared to the vehicle controls. Similarly, the locomotor activity was also markedly enhanced in animals dosed with a combination of MOE and fluoxetine. The findings suggested a nonspecific antidepressant action of the MOE.\[[@ref22]\] These observations implied that the dynamics of the locomotors activity may be due to involvement of CNS stimulatory action.

The preliminary pharmacological screening with acute dosing exhibited the antidepressant activity of MOE, but its antidepressant activity was more enhanced after repeated dosing. In comparison with the acute studies, chronic dose studies displayed a significant antidepressant manifestation in the behavioral patterns when compared to the vehicle controls. This effect was far more significantly pronounced in animals treated with MOE alone at a dose of 200 mg/kg/day as well as in combination with 10 mg/kg/day dose of fluoxetine.

Several investigations suggest that some minor and major depressive disorders can be ameliorated with flavonoids.\[[@ref23]\] It has been reported that flavonoids act through their antioxidant mechanism as well as through neurogenesis.\[[@ref24]\] Many mental disorders such as Alzheimers disease,\[[@ref25]\] epilepsy,\[[@ref26]\] schizophrenia,\[[@ref27]\] and depressions\[[@ref28]\] are also related to impaired neurogenesis. Antioxidants and flavonoids assist in the scavenging of free radicals and counteract the deleterious interaction of free radicals with cell membranes and DNA.\[[@ref27][@ref28]\] It is noteworthy that a high level of saponin content in MO may aid in the antidepressant effect.\[[@ref29]\] The radical-scavenging ability of MO-derived antioxidants and polyphenolic compounds too may be responsible for its neuroprotective and anti-inflammatory activity.\[[@ref30]\]

MO-derived ingredients have been reported to possess anti-inflammatory activity. These ingredients may contribute to the antidepressant activity of MO owing to reduction of stress mediated through the inflammatory pathway.\[[@ref31]\] However, the neuroprotective and anti-inflammatory potential of MO-derived antioxidants and flavonoids remains to be verified.

CONCLUSIONS {#sec1-5}
===========

The results of the present investigation showed the antidepressant activity of ethanolic MOE in mice. The highest activity was observed when 200 mg/kg doses of MOE were administered in combination with 10 mg/kg of fluoxetine, suggesting an additive interaction between these two agents. However, the possibility of additive interactive mechanism remains to be elucidated. The plausible mechanism of action of MO appears to be partially due to the reduction in CNS OS accompanied by its influence on noradrenergic and serotonergic neurotransmission pathways. There could also be an involvement of the SSRI mechanism as is seen in SSRI class of drugs. The combined administration of MOE with low doses of fluoxetine and other SSRI psychotropic drugs seems to have a promising potential for the development of alternative therapies for treating depression.
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